Objectives: Cognitive-behavioral (CB) interventions improve outcomes for many pediatric health conditions, but little is known about which mechanisms mediate these outcomes. The goal of this study was to identify whether changes in targeted process variables from baseline to 1 week posttreatment mediate improvement in outcomes in a randomized controlled trial of a brief CB intervention for idiopathic childhood abdominal pain.
Objectives: Cognitive-behavioral (CB) interventions improve outcomes for many pediatric health conditions, but little is known about which mechanisms mediate these outcomes. The goal of this study was to identify whether changes in targeted process variables from baseline to 1 week posttreatment mediate improvement in outcomes in a randomized controlled trial of a brief CB intervention for idiopathic childhood abdominal pain.
Materials and Methods: Two hundred children with persistent functional abdominal pain and their parents were randomly assigned to 1 of 2 conditions: a 3-session social learning and CB treatment (N = 100), or a 3-session educational intervention controlling for time and attention (N = 100). Outcomes were assessed at 3-, 6-, and 12-month follow-ups. The intervention focused on altering parental responses to pain and on increasing adaptive cognitions and coping strategies related to pain in both parents and children.
Results: Multiple mediation analyses were applied to examine the extent to which the effects of the social learning and CB treatment condition on child gastrointestinal (GI) symptom severity and pain as reported by children and their parents were mediated by changes in targeted cognitive process variables and parents' solicitous responses to their child's pain symptoms. Reductions in parents' perceived threat regarding their child's pain mediated reductions in both parent-reported and child-reported GI symptom severity and pain. Reductions in children's catastrophic cognitions mediated reductions in child-reported GI symptom severity but no other outcomes. Reductions in parental solicitousness did not mediate outcomes.
Discussion: Results suggest that reductions in reports of children's pain and GI symptoms after a social learning and CB intervention were mediated at least in part by decreasing maladaptive parent and child cognitions. A bdominal pain is the most common recurrent pain symptom of childhood. 1, 2 Medical evaluations rarely yield evidence of an organic disease etiology. Instead, the majority of children with persistent symptoms of abdominal pain meet the criteria for pediatric functional abdominal pain, which is considered to be present when children experience at least 3 episodes of abdominal pain over a 3-month period that disrupt activities or function, in the absence of physical or laboratory findings that would account for the pain. 3 The disorder is associated with increased psychosocial distress, functional disability, and health care utilization. [4] [5] [6] [7] [8] It is also associated with increased emotional distress and decreased quality of life among parents. 9 
THE ROLE OF SOLICITOUS RESPONSES AND COGNITIONS
In the pain research literature, solicitous responses by significant others (responses that are likely to support or reinforce illness behavior, for example, increased attention and support, expressions of concern, or reduction in demands such as school attendance, chores, or other potentially aversive situations) have been shown to be related to increased pain, activity, and disability. [10] [11] [12] [13] [14] [15] [16] In studies focusing on stomach pain in particular, Whitehead et al reported 17, 18 that when Irritable Bowel Syndrome (an adult variant of childhood abdominal pain) patients were asked how their parents had responded to their symptoms during childhood, they were more likely than participants without Irritable Bowel Syndrome to recall that their parents provided gifts or special privileges. Our own research has shown that children with parents who were more solicitous in response to their child's symptoms had significantly higher school absentee levels for gastrointestinal (GI) symptoms than children whose parents were less solicitous. 19 Cognitions regarding pain have also emerged as important predictors of pain-related outcomes. 20 For example, research on adults suggests that patients' catastrophic cognitions are associated with increased pain experience and expression, and increased distress and disability. [21] [22] [23] [24] [25] [26] Changes in catastrophizing have also been shown to mediate multidisciplinary pain treatment outcomes. 27, 28 Pain catastrophizing cognitions can be characterized as those that magnify the threat value of a pain stimulus, reflect helplessness in the face of pain, and involve ruminative thinking about pain. 20, 29 In pediatric samples, catastrophizing has been found to be associated with increased pain intensity and avoidance, increased psychological distress, increased depressive symptomatology, increased disability, and decreased quality of life. [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] The role of catastrophizing by significant others 40 and parents has received increasing attention in the literature. [41] [42] [43] [44] Parental catastrophizing about child pain has been positively associated with child catastrophizing, 35 child-reported pain intensity, 45 laboratory-demonstrated child pain attentional avoidance, 38 and parent-reported child pain behavior 34, 35 ; it has also been inversely associated with parent-reported child quality of life. 34 Parental catastrophizing may influence parent behavior as well, specifically, parents' responses to their children's pain behaviors. For example, in a questionnaire-based study of 128 mothers and fathers of pediatric chronic pain patients, both maternal and paternal catastrophizing predicted selfreported solicitous responding to their child's pain. 45 In a laboratory-based study in which children were administered a cold-pressor test, moreover, parents' catastrophizing about their child's pain was predictive of the degree to which they reported wanting to stop the procedure. 46 
INTERVENTION STUDY
On the basis of emerging literature regarding the importance of parent and child cognitions about child pain and parent behavioral responses, we developed and tested 47, 48 an intervention that had as the major targets the alteration of parent responses and child and parent cognitions, such as parental perceptions of threat about their child's pain symptoms. Specifically, the experimental condition (social learning/cognitive-behavior therapy; SLCBT) provided 3 intervention sessions focusing on teaching children and their parents cognitive and behavioral strategies to reduce perceived threat and improve coping with the child's symptoms and also to reduce parents' solicitous responses to their child's pain behavior. The comparison condition (education and support; ES) was developed to provide a credible alternative condition that would control for therapist and patient time and attention. It included 3 sessions with the same amount of therapist time as SLCBT, and provided information on the GI system and nutrition. Care was taken to include homework assignments that required similar time and effort as SLCBT assignments. Further detail on participants, inclusion and exclusion criteria, and study procedures can be found in the study by Levy et al. 47 As reported in the aforementioned article, 47 at the end of 3 treatment sessions spaced 1 week apart, significantly greater reductions were observed in SLCBT compared with ES for child pain reports, child catastrophizing, and parental perceptions of child pain as a threat. For SLCBT, change in child pain reports was maintained at the 3-and 6-month follow-up assessments with trends for further reductions in child GI symptom severity. At 6-month follow-up, parents in the SLCBT condition, as compared with parents in the ES control condition, reported greater baseline to follow-up reductions in their child's pain, in their solicitous responding to their child's pain reports, and in their perceptions of their child's pain as a threat. SLCBT parents also reported greater baseline to follow-up increases in their child's emotion-focused and problem-focused coping. Children in the SLCBT condition, moreover, reported greater baseline to follow-up increases in pain minimization, the ability to distract themselves, and the ability to ignore their pain relative to children in the ES condition. Results at 12 months showed similar patterns. 48 
MECHANISMS OF CHANGE
Mediators are intervening variables that are posited to change during or as a result of treatment and that provide a potential explanation of the causal sequences or mechanisms through which treatments affect outcomes. 49, 50 Knowledge about mediators can contribute significantly to our knowledge about mechanisms of intervention efficacy and can be used to determine key targets for future interventions. 27, 51, 52 Researchers have begun to conduct studies that examine the role that potential mediators such as psychological distress, anxiety, visceral sensitivity, cognitions (eg, self-efficacy to manage symptoms), and expectations for improvement may play in explaining changes after treatments such as cognitive-behavioral therapy (CBT) for functional abdominal pain in adults. [53] [54] [55] [56] However, few mediation studies have been conducted in pediatric pain populations to examine mechanisms of cognitive-behavioral interventions. Kashikar-Zuck et al 57 reported a mediational analysis examining the role of coping, coping efficacy, and catastrophizing as mediators of the effects of a CBT intervention for children 11 to 18 years old with juvenile fibromyalgia. Although significant treatment effects of CBT versus a fibromyalgia education condition were found, the improvements were not mediated by changes in these variables, contrary to the study hypothesis. Wicksell et al 58 conducted a study of factors mediating change in a randomized controlled trial (RCT) of acceptance and commitment therapy compared with multidisciplinary care combined with an antidepressant for adolescents with chronic idiopathic pain. They examined potential mediators of treatment including pain impairment beliefs, pain reactivity, pain intensity, self-efficacy, catastrophizing, and kinesiophobia. Pain impairment beliefs and pain reactivity were the only significant mediators of differential outcomes at follow-up. These authors also noted the paucity of studies examining mediation effects in pediatric pain. Sieberg et al 59 found that parent protective responses partially mediated the relationship between parent distress and child functional disability in pediatric pain of diverse types, but the study variables were gathered concurrently rather than longitudinally, making it difficult to conduct tests of true mediation. Other studies in pediatric abdominal pain samples have examined effects on coping or cognitions although not in the context of a formal mediation analysis. For example, Wassom et al 60 studied a minimal contact CBT intervention (Gutstrong) in a small sample of adolescents with functional GI disorders. They found that the addition of the intervention to standard medical care resulted in improved pain outcomes and improved adaptive coping compared with standard care alone but did not examine the mediating effects of coping.
Interventions with children that also involve parents introduce different targets for change that may serve as mediators of treatment effects, such as parent cognitions regarding threat and catastrophizing, parental distress, and parental behavioral responses to child pain behavior. 61 Although the reports by our group discussed previously, and other experimental studies 62, 63 have added support to the position that a cognitive-behavioral and social learning intervention could help reduce the personal and social costs of abdominal pain in children, there has been no research that has specifically identified mediators of these successful interventions.
Therefore, the goal of the present study was to explore an important area not addressed in prior study reports: evaluation of the extent to which changes in children's symptom severity reported in Levy et al 47, 48 were mediated by changes in parent or child cognitions and parental solicitous responses. As reported in Levy et al, 47 mean adjusted change in parental threat perceptions at posttreatment for individuals in the SLCBT group was À0.45 (SE = 0.05). This represents a large effect size change (0.76 SD units) from the value of parental threat at baseline (2.07 [SD = 0.59]). Similarly, mean adjusted change from pretreatment to posttreatment for child catastrophizing was À0.51 (SE = 0.08); this translates to a moderate effect size change (0.59 SDs) from the baseline value of 1.63 (SD = 0.86). Finally, mean adjusted change from pretreatment to posttreatment for parental solicitousness was À0.55 (SE = 0.05) that translates to a large effect size change (1.0 SDs) from the baseline value of 1.14 (SD = 0.53). We hypothesized that reductions in (1) child catastrophizing, (2) parental perceptions regarding the threat of their child's pain, and (3) parental solicitousness in response to child pain behaviors, assessed at baseline and 1 week posttreatment, would mediate child pain and GI symptom severity outcomes assessed at 3, 6, and 12 months posttreatment. Figure 1 illustrates the conceptual model to be tested.
MATERIALS AND METHODS

Participants and Procedure
This study was registered with ClinicalTrials.gov as study number NCT00494260. The original study was a prospective, RCT with blinded assessment of outcome. 47, 48 The 2 intervention conditions consisted of 3 in-person sessions spaced approximately 1 week apart (median days between sessions = 7.00; mean number of days from session 1 to session 3 = 19.06, SD = 7.60). All interventionists were trained therapists with a Master's degree in psychology or social work, or higher. Participants completed assessments at baseline (1 week before treatment and before knowledge of treatment condition assignment) and at 1 week, 3 months, 6 months, and 12 months posttreatment. Children completed assessments through telephone with nurse assessors who were blind to the treatment assignment of the children. Participants included 200 FAP parent/child dyads with children aged 7 to 17 years who were recruited from a pediatric gastroenterology clinic.
Measures
Baseline Characteristics
Demographic characteristics were assessed by parent report: parent age, sex, race, ethnicity, marital status, and education; and child age, sex, race, and ethnicity.
Outcome Variables
Child abdominal pain was assessed using the Faces Pain Scale-Revised (FPS-R), 64 a single-item measure of current pain intensity. Respondents view a row of 6 line-drawn faces depicting various levels of pain, ranging from no pain on the far left to very much pain on the far right. Children were instructed to choose the face that shows "how much they hurt right now." Options are scored as 0 (no pain) to 10 (very much pain). We administered the same measure to parents with instruction to rate their child's current level of pain. Validity was demonstrated by a positive correlation between child ratings on the FPS-R and a visual analogue scale in a sample of 76 children aged 5 to 12 years undergoing voluntary ear piercing. 64 Child GI symptom severity was assessed using the Children's Somatization Inventory (CSI). [65] [66] [67] This is a measure of children's nonspecific somatic symptoms such as headaches, back pain, and sore muscles. 67, 68 Each of 35 items is rated with respect to bothersomeness during the past week, using a 0 to 4 (not at all to a whole lot) scale. We focus here on the GI symptom subscale comprised of 7 items: nausea or upset stomach, constipation, loose bowel movements or diarrhea, stomachaches, vomiting, feeling bloated or gassy, and food making you sick. Children rate the items with respect to their own symptoms and parents rate the items with respect to their child's symptoms. Internal consistencies (Cronbach coefficient a) based on the present sample were 0.75 for children and 0.75 for parents. This is commensurate with reports in the literature using the child-report version: 0.73 based on a sample of 101 youth with medically unexplained abdominal pain 69 and 0.80 based on a sample of 188 children with FAP and 61 well controls. 70 With respect to validity, the subscale has been shown to discriminate between persons with and without functional GI disorders. 70 It is also sensitive to experimental manipulation. 69 
Process Variables (Mediators)
Parental perceptions regarding the threat of their child's pain were assessed using the Pain Beliefs Questionnaire (PBQ). 71 The parent-report version of the Pain Beliefs Questionnaire is a 32-item measure designed to assess parents' beliefs about various aspects of their children's abdominal pain. 72 We focus here on the Primary Appraisal or perceived pain threat subscale. Twenty items assess the perceived duration, frequency, and seriousness of the child's abdominal pain condition, as well as the intensity and duration of individual pain episodes. Items such as, "My child's stomachaches hurt worse than anything" and "My child's stomachaches mean that he/she is very sick" are rated on a 0 to 4 (not at all true to very true) scale. Walker et al 72 reported an a reliability of 0.83; the value based on the present sample was 0.84. With respect to validity, the subscale has been shown to discriminate between FAP children with differing pain-coping profiles. 72 For example, parents of children characterized as "high pain dysfunctional" and "high pain adaptive" (by cluster analysis) reported greater perceived threat regarding their child's abdominal pain as compared with parents of children characterized as "low pain adaptive." 72 Child catastrophizing was measured using the Catastrophizing subscale of the Pain Response Inventory (PRI). The PRI is a 60-item questionnaire designed to assess children's responses to pain. 73 It includes 13 subscales representing specific coping strategies such as problem solving, seeking social support, and stoicism. The Catastrophizing subscale contains 5 items such as, "When you have a stomachache, how often do you y think to yourself that something might be really wrong with you?" and " y think to yourself that you might be really sick?" Ratings are made on a 0 to 4 (never to always) scale. The developers demonstrated internal consistency using samples of school children and children with abdominal pain; a reliabilities were 0.77 and 0.84, respectively. 73 They also demonstrated moderate 6month test-retest reliability (0.46) and convergent validity through positive associations between catastrophizing and continued pain. 73 a reliability based on the present sample was 0.82.
Parental solicitousness was measured using the Protect subscale of the Adult Responses to Children's Symptoms. 74 Sample items include "When your child has a stomachache or abdominal pain, how often do you y tell your child that s/he does not have to finish all of his/her homework" and " y tell others in the family not to bother your child or to be especially nice to him/her?" Ratings are made on a 0 to 4 (never to always) scale. The developers reported an internal consistency value of 0.86. 74 Cronbach coefficient a for the present sample was 0. Medical record data, moreover, revealed greater GI-related health care utilization and health care costs among children with mothers scoring high versus low in protectiveness. 75 
Mediation Analysis
To examine the extent to which the effects of SLCBT on outcomes (child GI symptom severity, and pain) were mediated by targeted process variables (parental perceptions regarding the threat of their child's pain, child catastrophic cognitions, and parental solicitous responses), we applied a multiple mediation model using simultaneous linear regression equations using structural equation modeling. 49, 76 Multiple (compared with a series of single) mediation models assess mediation simultaneously, controlling for the other mediator effects in the model, and produce less biased estimates. 76 To satisfy criteria for causal inferences, we specified prospective, time-lagged models. As can be seen in Figure 1 , we tested whether the effect of treatment (SLCBT vs. ES) on primary outcomes assessed at 3, 6, or 12 months was mediated by changes in cognitive process variables and solicitousness from baseline assessment to 1 week posttreatment. To focus the analysis on change, we controlled for baseline values of the mediators and the outcome variables by including them as covariates in the model. Figure 1 depicts the simultaneous mediation model comprised by the following: the effect of treatment on the mediators assessed 1 week posttreatment (a1, a2, a3); the effect of the mediators on outcomes assessed at 3, 6, or 12 months (b1, b2, b3); the direct effect of treatment on outcomes assessed at 3, 6, or 12 months (c 0 ); indirect effects of treatment on outcomes assessed at 3, 6, or 12 months, the mediated effects (a1*b1, a2*b2, a3*b3); and the effect of the baseline covariates (represented by variables connected by dashed lines). AMOS 18.0 77 was used to conduct full information likelihood estimation and to produce 90% and 95% confidence intervals for parameter estimates based on the normal distribution. The SE of the indirect effect was calculated as
a indicates estimate of the effect of treatment on the mediator; b, effect of mediator on the outcome; s, standard error. The use of 2 confidence intervals requires some explanation, particularly the inclusion of a more liberal 90% confidence interval. Recent discussion of mediation analyses after RCTs suggests that these may be best thought of as tools for hypothesis generation rather than traditional hypothesis testing, and are undertaken to foster stronger hypotheses to be tested in future studies. 50 Furthermore, type II error (the probability of missing a significant effect) is a concern in conducting mediation analysis within a moderately powered clinical trial (< 400 participants). As such, it is recommended that standard P-values not be used as the criterion by which to determine mediator effects. 50, 79, 80 Following these recommendations, 50 we do not report standard tests of significance. Instead, we have included unstandardized b coefficients, SEs, and 90% and 95% confidence intervals for the mediated (indirect) effect, the direct effect of treatment on outcome and the mediators, and the effect of the mediators on the outcome. Choosing an a of 0.10 (z N /2 = À 1.65) to calculate confidence intervals of estimated parameters reduces chances of type II error. However, recognizing that most researchers are accustomed to viewing 95% confidence intervals, we have included these as well. In both cases, a confidence interval that includes 0 suggests no mediation effect is present.
In addition, we calculated effect size as another way of measuring the strength of mediation. Specifically we calculated Hedges' g, which is considered a more accurate effect size measure than Cohen's d because it adjusts for sample sizes. 81 Hedges' g reflects the impact of the intervention on the outcome through the mediator in the scale of SD units. As a rule of thumb, an effect size of g = 0.80 is considered large (explaining 14% of the variance), 0.50 medium (6% variance explained), and 0.20 small (1% variance explained). 82 We also conducted analyses using multi-informant outcome data. These analyses included data from both parent and child and were conducted to address the fact that shared variance due to the same informant (parent or child) might account for some associations in the analyses based on only a single informant. This approach models outcomes based on both parent and child report of similar constructs (eg, child pain) as a latent variable in a mediation model using structural equation modeling and treats discrepancies between multiple informants as measurement error (Fig. 2 ) (for further details on this approach, see Cui et al 83 ). This approach essentially pools parent and child perspectives into a latent variable as an alternative to modeling the child and parent outcomes separately. Again, we calculated 90% and 95% confidence intervals and effect sizes for all parameter estimates.
Moderators
Participant characteristics may influence the magnitude of treatment effects on outcomes. 84 We examined the potential moderating effects of parent education, parent and child age, sex, and race, and parent and child baseline anxiety (using the Brief Symptom Inventory 85 and the Multidimensional Anxiety Scale for Children 86 ) on treatment outcomes. No moderators were found to be significant. As a sensitivity analysis we ran models with age and sex included but, as expected, this did not change the results of the mediation analyses so ultimately these variables were not included in the mediation models.
RESULTS
Sample Characteristics
Participants included 200 children with a mean age of 11 years, 73% female, 89% white, and 4% Hispanic. Parents were on an average 44 years old, 94% female, 93% white, 3% Hispanic, and 93% college-educated (consistent with other research 87 ). The SLCBT and ES conditions did not differ significantly on any demographic characteristics as reported in the original publication. 47 Table 1 presents baseline characteristics of our key parent-reported and child-reported variables.
Mediation Analyses
Tables 2-4 present the parameter estimates for the paths that are critical for evaluating the hypothesized mediation. To ease interpretation of mediation effects in the tables, Hedges' g was calculated for the indirect (a*b) effect and was bolded if the 90% confidence intervals excluded 0, indicating mediation.
Parent-reported Outcomes
Results of analyses examining the mediating effects of changes in parental pain threat, parental solicitousness, and child catastrophizing measured from baseline to 1 week posttreatment on parent-reported outcomes measured at 3, 6, and 12 months are displayed in Table 2 . As can be seen in the table, reductions in parents' perceptions regarding the threat of their child's pain showed moderate-sized mediation effects (g = À 0.38 to À0.52) on parent-reported outcomes of child pain and symptoms. Changes in parental solicitousness and child catastrophizing, however, did not mediate changes in these parent-reported outcomes.
Child-reported Outcomes
Results of analyses examining the mediating effects of changes measured from baseline to 1 week posttreatment in parental pain threat, parental solicitousness, and child catastrophizing on child-reported outcomes measured at 3, 6, and 12 months are displayed in Table 3 . Reductions in parents' perceptions regarding the threat of their child's pain-mediated reductions in child-reported GI symptom severity at 6 months (g = À0.25, a small effect) and in child-reported pain at 3 and 6 months (g = À0.39 and À0.29, respectively, moderate to small-sized effects). Reductions in children's catastrophic thinking mediated small effect size reductions in child-reported GI symptom severity at 3 (g = À 0.26) and 6 (g = À0.28) months.
Reductions in child catastrophic thinking did not mediate treatment effects on child-reported pain. Changes in parental solicitousness did not mediate any child outcomes.
Multi-informant Latent Variable Outcomes
Results of analyses examining the mediating effects of changes measured from baseline to 1 week posttreatment in parental pain threat, parental solicitousness, and child catastrophizing on both parent-reported and child-reported outcomes measured at 3, 6, and 12 months are displayed in Table 4 . Reductions in parents' perceptions regarding the threat of their child's pain-mediated reductions in GI symptom severity at 3, 6, and 12 months (g = À0.40, À0.43, and À0.43, respectively, moderate-sized effects) and in pain at 3, 6, and 12 months (g = À0.53, À0.32, and À0.40, respectively). Reductions in child catastrophic thinking mediated reductions in pain at 3 months (g = À0.24). Reductions in parental solicitousness did not mediate treatment effects on GI symptom severity and pain.
DISCUSSION
A primary aim of this study was to determine whether cognitive process variables and parental solicitousness mediated change in parent and child reports of child pain and symptoms after a very brief SLCBT intervention for children with functional abdominal pain. Parental beliefs about the threat posed by their child's illness emerged as a significant mediator of the treatment effects of the intervention. Similarly, child catastrophizing also seemed to mediate changes in child-reported GI symptom severity, although these effects were in general smaller. These findings lend support to the cognitive-behavioral model tested in this study and suggest that targeting change in parent and child beliefs should be an important goal of programs aimed at improving child pain-related outcomes. The current results are thus consistent with a recent Cochrane review suggesting parental involvement in behavioral interventions increased effectiveness. 61 The decrease in parent threat cognitions in treatment is consistent with the intervention targets, which explicitly educated parents and children on chronic pain, including the fact that recurrent abdominal pain is not typically a sign of tissue damage or pathophysiology (ie, hurt does not equal harm), and that their physicians had cleared the child medically to participate in the study. The intervention also targeted catastrophizing thought patterns (that include perceptions of threat, but also include appraisals of inability to cope with a stressor). During the intervention, child participants were taught how to replace such thoughts with more adaptive coping thoughts and to use coping skills In general, change in parent threat perception was a more consistent and powerful mediator of outcomes than was change in child catastrophizing. Of note is that changes in parent perceptions of the threat posed by the child's pain mediated changes in both parent and child-reported GI symptoms, as well as child-reported pain, suggesting that change in parental cognition may affect not only parent report of child GI symptoms but possibly also child selfreport. It could be hypothesized that parents may communicate less concern or sense of threat when child symptoms occur after the SLCBT treatment, lessening child concern or sense of threat. Another possibility is that when sense of threat is lowered, parent and child attention is more easily diverted to nonsymptom concerns and activities. Further research is needed to confirm these findings and examine alternative explanations. These findings, if replicated, also suggest that interventions to decrease parental concern and sense of threat may be an effective and efficient way of reducing symptom perception in both parents and children.
Our findings are also consistent with studies that have provided evidence that changing beliefs and cognitions about pain are at least in part responsible for changes in outcomes. For example, studies by Burns et al 27 and Smeets et al 28 found changes in catastrophizing to be a significant mediator of multidisciplinary pain treatment effects. Turner et al 88 found that pretreatment to posttreatment changes in pain beliefs, catastrophizing, and self-efficacy related to pain predicted outcomes at 1 year posttreatment. However, these studies used adult, not child samples. In one of the few pediatric pain studies to examine mediation processes in treatment, Wicksell et al 58 found that pain impairment beliefs and reactivity but not self-efficacy or catastrophizing, significantly mediated outcomes of treatment for adolescents with chronic idiopathic pain. Further studies examining not only catastrophizing but other potential child mediators such as coping, relaxation, and self-efficacy; and potential parent mediators such as beliefs, catastrophizing, distress, and responses to pain behaviors will be important in furthering understanding of treatment processes in pediatric pain. In addition, it would be useful to determine if professionals other than trained mental health therapists (eg, nurses) could implement these strategies, and if strategies such as booster sessions or a longer intervention period would increase the intervention effect on outcomes.
Despite significant reductions in parental solicitousness from baseline to posttreatment, we did not find that these changes mediated reductions in the outcomes of pain and GI symptoms as reported by parents and children. One possible explanation for this finding is that these outcomes may not be those most influenced by solicitous responses. Behavioral theory would posit that if solicitous responses by parents reinforce pain behaviors and disability, reductions in solicitousness should mediate improvement in those outcomes, but may not have a similar impact on subjective pain ratings or symptom reports. We did not find a significant treatment effect for disability in the RCT 47 and thus could not assess mediation for this outcome. We also did not obtain a direct observational measure of child pain behavior, which might be more sensitive to changes in solicitousness. Direct observational measures such as those used in studies of patients and their spouses 89 may provide the ability to capture these in future research. Another possibility is that solicitous responses not captured by the ARCS (and thus not measured in the current study), such as changes in nonverbal communications of concern by body language or voice tone, may be important aspects of solicitousness that could mediate outcomes. The intervention stressed replacing solicitous behavior with other responses such as engaging the child in adaptive coping or other activities, but we did not assess the degree to which parents implemented these alternative responses and the extent to which the use of these strategies may have affected outcomes is unknown. It may also be the case that changing parent beliefs about the threat of the child's pain and child catastrophizing have direct effects on parent perceptions of child well-being and children's own perceptions of pain and disability in addition to any indirect effects through reductions in solicitousness. Finally, another possible explanation may be the frequency and timing of the assessment of the process and outcome measures. It is possible that changes in solicitousness may have mediated changes in outcomes earlier in the intervention, after the first or second intervention sessions, but as we do not have assessments of solicitousness during the intervention, we may have failed to capture its potential influence. 90 Limitations of the study should be noted in interpreting the findings. The data are primarily self-reported, although the use of assessments from both parents and children helps to mitigate this to some extent, especially given that some parallels in the findings from both were found. The effect sizes for mediation are moderate to small, and it is possible that other nonassessed mechanisms or factors may have been responsible for findings or may have been more powerful mediators. Although we used a time-lagged mediation model, the mediator was only assessed at baseline and at 1 week posttreatment, but not during treatment, and outcomes were assessed at 3, 6, and 12 months posttreatment. Expanded measurement of potential mediators during the process of treatment could potentially provide more detail on mediational processes. 91, 92 The literature in this area may be enhanced by the use of more sophisticated designs such as cross-lagged panel analyses that allow researchers to more precisely determine timing of changes in mediators and how these may be associated with changes in outcomes longitudinally. In addition, incorporation of moderator effects, baseline predictor variables, and nonspecific treatment variables (such as treatment expectancies and therapeutic relationship quality) may allow more comprehensive examination of the process of change in pediatric pain treatments.
In conclusion, these findings support the importance of including a focus on changing parent and child beliefs in the CBT of chronic functional abdominal pain in children. Research examining mechanisms of treatment is critical to progress in testing not only whether but why treatments work, so that the theoretical basis of treatments can be refined and efficient interventions can be developed and delivered. 51, 93 Further research, with study designs that include direct observations of behavior, expanded measurement of possible moderator and nonspecific treatment variables, as well as expanded measurement points of mediators, could potentially provide more detail on the process of change in CBT of pediatric abdominal pain.
